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Objective:Most studies on outcomes of carotid endarterectomy (CEA) have focused on the major complications of death
and stroke. Less is known about minor but more common surgical complications such as hematoma, cranial nerve palsy,
and wound infection. This study used data from a large, population-based cohort study to describe the incidence of minor
surgical complications after CEA and examine associations between minor and major complications.
Methods: The New York Carotid Artery Surgery (NYCAS) study examined all Medicare beneficiaries who underwent CEA
from January 1998 to June 1999 in NY State. Detailed clinical information on preoperative characteristics and complications
<30 days of surgery was abstracted from hospital charts. Associations between minor (cranial nerve palsies, hematoma, and
wound infection) and major complications (death/stroke) were examined with 2 tests and multivariate logistic regression.
Results: The NYCAS study had data on 9308 CEAs performed by 482 surgeons in 167 hospitals. Overall, 10% of patients
had a minor surgical complication (cranial nerve (CN) palsy, 5.5%; hematoma, 5.0%; and wound infection, 0.2%). Cardiac
complications occurred in 3.9% (myocardial 1.1%, unstable angina 0.9%, pulmonary edema 2.1%, and ventricular
tachycardia 0.8%). In both unadjusted and adjusted analyses, the occurrence of anyminor surgical complication, CN palsy
alone, or hematoma alone was associated with 3 to 4-fold greater odds of perioperative stroke or combined risk of death
and nonfatal stroke (P < 0.0001). Patients with cardiac complications had 4 to 5-fold increased odds of stroke or
combined risk of death and stroke.
Conclusion:Minor surgical complications are common after CEA and are associated with much higher risk of death and
stroke. Patient factors, process factors, and direct causality are involved in this relationship, but future work will be
needed to better understand their relative contributions. ( J Vasc Surg 2007;46:1138-46.)Randomized controlled trials (RCTs) and national sub-
specialty practice guidelines for carotid endarterectomy
(CEA) have focused on balancing the short-term risks of
death or stroke due to the procedure with its long-term
benefits of increasing long-term stroke-free survival. For these
reasons,most studies on the outcomes of CEAboth in clinical
trials and real-world practice have primarily focused on rates of
and risk factors for the major complications of perioperative
death or stroke.1-7 In the RCTs and large population-based
studies, the rates of death or stroke among symptomatic
patients average about 6% among symptomatic patients8-11
and approximately 3% among asymptomatic ones.12,13
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1138Less is known about rates of minor complications such as
cranial nerve (CN) palsy, hematoma, bleeding, and wound
infection. These minor complications are believed to be con-
siderably more common than the major adverse events of
death or stroke, but the incidence of such events has been less
well studied. The reported rates of CN palsies are 2% to
27%,2,14-23 and wound hematomas have been reported in
1.2% to 12% of cases.2,15,24-27 Prior studies of these minor
complications have been limited by their focus on one type of
surgical complication, single institutions,14,15,17-19,21,25-27
small sample sizes, or highly selected surgeons and patients
who participated in RCTs.16,19
Very little is also known about the prognostic signifi-
cance of minor complications after CEA. Although large
hematomas can cause airway compromise, tracheal devia-
tion, and airway compromise, they are typically considered
to be minor and of no clinical consequence.2 Cranial nerve
injuries are rarely life threatening, butmay cause discomfort
or detract from quality of life, for example, tracheal ob-
struction by bilateral hypoglossal lesions or bilateral palsy of
the vocal cords.2,14,17 The importance of CN injuries has
been questioned because most resolve over time.14,17,18
This study used data from a large, population-based
cohort study to (1) describe the incidence of minor surgical
complications after CEA, including hematoma, CN palsy,
wound infection and cardiac complications and (2) exam-
ine the association between minor surgical complications
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We hypothesized that minor surgical complications, al-
though often regarded as clinically insignificant outcomes,
would be associated with a higher incidence of periopera-
tive death and stroke even after adjusting for other factors
known to influence the risk of major complications.
METHODS
Study population. TheNew York Carotid Artery Sur-
gery (NYCAS) study examined all Medicare beneficiaries
who underwent CEA between January 1, 1998, and June
30, 1999, in New York (NY) State. Details about the
NYCAS study have been published previously.28 Briefly,
eligible cases (International Classification of Diseases, 9th Re-
vision [ICD-9] code 38.12) with Medicare fee-for-service
insurance were identified using Medicare Part A hospital
claims. Medicare managed-care patients who had a CEA
were identified with an algorithm that used the NY State
hospital discharge database, age 65 years, and the Medi-
care eligibility files. The study was approved by the Mount
Sinai Institutional Review Board.
We obtained the medical charts of 10,817 of 11,406
(94.8%) potentially eligible patients. We excluded 628 that
were same-side operations for restenosis (n 308), surgery
combined with a major procedure in addition to coronary
artery bypass graft surgery (CABG, n  210), or no CEA
was performed (n 110). For the analyses presented here,
we excluded an additional 280 patients who underwent
simultaneous CEA and CABG surgery and 601 who were
missing key clinical data. The results reported are based on
9308 patients, representing 93.9% of all eligible cases.
Data collection and measurement. Detailed clinical
information was abstracted from hospital charts by trained
nurse abstractors, including sociodemographics, admission
source; neurologic, medical, and surgical history; admission
neurologic exam, functional status, laboratory values, medica-
tions, and diagnostic imaging test results. We collected data
on individual comorbid conditions and calculated several co-
morbidity indices, including theRevisedCardiacRisk Index29
and theCharlson comorbidity score.30 Severe disability (mod-
ified Rankin score of 4 or 5) was defined as bedridden or
unable to walk/attend bodily needs without assistance.31
There were several different indications for surgery.
The presence of a neurologic event in the 12 months
before surgery was identified as a stroke or transient isch-
emic attack (TIA). Patients with crescendo TIAs or stroke-
in-evolution were grouped as “acute syndromes.” Those
without neurologic symptoms referable to a carotid artery
distribution in the 12 months before surgery were consid-
ered asymptomatic.
We also abstracted the percentage of stenosis of the
internal carotid arteries that were and were not operated on
according to imaging tests. Carotid angiography was con-
sidered to be the most accurate test, followed by Doppler
ultrasonography and magnetic resonance imaging. If no
imaging test was available, we used stenosis information
from preoperative notes.The abstractors were required to pass a series of quality
assurance and inter-rater reliability tests. All of the data
elements reported here had substantial to nearly perfect
agreement (  0.60 to 1.0).
Minor surgical complications andcardiac complications.
Minor surgical complications were defined as CN palsy,
hematoma, or wound infection. Cardiac complications
were defined as myocardial infarction, angina, pulmonary
edema, and ventricular tachycardia. Information about
these complications was abstracted from the review of the
inpatient medical record of the index admission and all
readmissions 30 days of surgery anywhere in NY State.
Trained, experienced research nurses abstracted data on
these minor complications from a review of admission
notes, the daily hospital notes, and discharge summaries,
including notes from surgeons, neurologists, and medical
consultants.
Symptoms were used to group CN palsies were into five
categories: (1) tongue deviation toward operative side, (2)
vocal cord paralysis, (3) lip or facial droop on the operative
side, (4) ear numbness on the operative side, and (5) other.
In the event that the abstractor could not determine
whether CN palsy or a stroke had occurred, a study physi-
cian investigator reviewed the chart and made a determina-
tion.
Hematoma was defined as documentation of a wound
hematomaorwound-related bleeding thatwas describedwith
adjectives such as, “significant,” “moderate,” “severe,” or
“large.” Descriptions of “slight” or “small amount of” hema-
toma or bleeding or “oozing” were not coded as hematoma/
bleeding.
Wound infections were coded when the term “wound
infection” was used in the chart.
Cardiac complications included myocardial infarction,
unstable angina, pulmonary edema, or ventricular tachycar-
dia. Myocardial infarction was defined as subendocardial,
transmural, Q-wave, and non-Q-wave myocardial infarc-
tions. Unstable angina was coded if the word “unstable
angina” or “class IV angina” was seen. Ventricular tachy-
cardia was defined as more than five continuous premature
ventricular contractions at a rate 100 beats/min.
Pulmonary edema included those cases of congestive
heart failure with associated respiratory symptoms or signs,
left-sided heart failure, pulmonary congestion, lung edema
or paroxysmal nocturnal dyspnea.
Major complications. Information about periopera-
tive deaths, strokes, and TIAs was abstracted from the
inpatient medical record of the index admission and all
readmissions 30 days of surgery in a similar fashion as
outlined and in our previous reports.28 In addition, the
records of all deaths, strokes, and TIAs were independently
reviewed by two study physicians, including a neurologist.
Initial agreement was 95%, and disagreements were re-
solved by consensus or a third reviewer, if necessary.
Analysis plan. Descriptive statistics were used to dis-
play the characteristics of the study patients. The main
analytic task was assessing association between minor sur-
gical complications (CN palsy, hematoma, or wound infec-
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examined two main dependent variables in these analyses:
(1) combined rate of death or nonfatal stroke 30 days of
surgery (the main composite outcome in the RCT and
practice guidelines of CEA), and (2) any fatal or nonfatal
strokes 30 days of surgery.
Univariate relationships between each category of mi-
nor (CN palsy, hematoma, wound infection, cardiac) and
major complication were examined with 2 tests. In addi-
tion, we calculated median and mean length of stay (LOS)
for each individual complication and performed univariate
tests to assess for significant differences from the group
without the complication in question.
We then used multivariable logistic regression to assess
if minor complications were associated with higher rates of
combined death or stroke (or any stroke) after adjusting for
other risk factors known to influence major outcomes. The
risk-adjustment model contained other key preoperative
patient characteristics associated with death or stroke, in-
cluding age, sex, race/ethnicity, age, indication for CEA,
admission source, admission from the emergency depart-
ment, degree of stenosis of the nonoperative side, ulcer
depth on the operative side, degree of disability, and Re-
vised Cardiac Risk Index. When calculating the significance
level for LOS for each individual complication, we added
the occurrence of death/stroke to the risk adjustment
model. We used generalized estimating equations to ac-
count for the hierarchic clustering of patients by surgeons
and surgeons by hospitals. All analyses considered two-
sided P .05 as statistically significant and were performed
using SAS 8.2 software (SAS Institute, Cary, NC).
RESULTS
During the study, 9308 CEAs were performed in NY
State. Characteristics of the patients are summarized in
Table I. The mean age of the patients was 74.6 6.8 years
(range, 40 to 98), and 55.7% were men. Overall, 71.5%
were operated on for asymptomatic carotid stenosis, 18.9%
for carotid TIA, 9.3% for stroke, and 0.3% for acute syn-
dromes. Nearly all patients (95.4%) were operated on for
high-grade (70% to 99%) carotid stenosis. The degree of
occlusion of the contralateral artery was variable. The CEAs
in the NYCAS were performed by 482 surgeons in 167
hospitals. The median hospital length of stay was 2 days
(interquartile range, 1 to 4 days).
Rates of complications. Within 30 days of surgery,
106 patients died (1.14%) and 305 strokes (3.28%) occurred,
of which 265 (2.85%) were nonfatal and 40 were fatal. Given
the overlap of 40 cases, there were thus 371 cases of periop-
erative death or nonfatal stroke for a combined rate of periop-
erative deathor nonfatal strokeof 3.99%.Overall, 932patients
(10%) had one or more minor surgical complications. Cranial
nerve palsies occurred in 514 (5.5%), hematoma in 461
(5.0%), and wound infection in 22 (0.2%). More than one
minor surgical complication occurred in 65 patients (0.7%):
60 (0.6%) had hematoma and CN palsy, three (0.03%) had a
hematoma and a wound infection, and two (0.02%) had CN
palsy and a wound infection.Table II summarizes additional details about the CN
palsies. The two most common deficits were described as
tongue deviation towards the operative side (33%) and
lip/facial droop on the side of surgery (24%). More than
one nerve was affected in 117 patients (23%) who had a CN
palsy, and all of these had one or more cutaneous nerve
injury as well as a single motor cranial nerve injury. The
distribution of motor nerve injuries was as follows: 47
hypoglossal (40%), 43 facial or branch or both (37%), 14
Table I. Characteristics of 9308 patients undergoing
carotid endarterectomy
Patient risk factor
Prevalence
(%) Patient risk factor
Prevalence
(%)
Male sex 55.7 Neurologic indication
Age (years) Asymptomatic 71.5
60 2.1 Carotid TIA* 18.9
60-69 21.0 Stroke* 9.3
70-79 53.3 Acute Syndrome† 0.3
80 23.6 Revised Cardiac Risk
Index
Race/ethnicity 0 19.2
White 93.6 1 44.5
Black 2.5 2 28.1
Hispanic 2.2 3 8.2
Other/unknown 2.3 Charlson Comorbidity
Score
Admitted from ED 10.1 0 17.4
Admit source 1 32.2
Home 96.5 2 26.4
Transfer 3.5 3 24.0
Stenosis of operated
artery
Severe neurologic
disability
2.6
Occluded 0.2 Coronary artery
disease
60.8
70-99 95.4 Active coronary
disease
4.0
60-69 2.9 Operated artery on
left
50.9
50-59 1.0 Valvular heart disease 14.2
30-49 0.5 Hypertension 78.2
0-29 0.1 Congestive heart
failure
9.4
Stenosis of
nonoperated
artery
Peripheral vascular
disease
30.1
Occluded 5.8 Renal insufficiency 4.8
70-99 21.7 Cerebrovascular
disease
44.1
60-69 5.4 Diabetes mellitus 29.7
50-59 5.2 Diabetes on insulin 7.4
30-49 11.3 Pulmonary disease 19.1
0-29 50.6 Current smoking 14.9
Ulcerated plaque Alcohol use 9.1
None 94.4
Shallow 4.7
Deep 0.9
TIA, Transient ischemic attack.
*Carotid TIA and stroke were determined if one or more of these events
occurred within the last year.
†Acute syndrome was defined as crescendo TIA (3 TIAs within 3 days of
surgery) or stroke in evolution (stroke with progressing or fluctuating
neurologic defects over 1 to 2 days).branch of Vagus (12%), and 13 glossopharyngeal (11%).
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who developed postoperative bleeding or a hematoma,
representing 64% of all patients who were taken back to the
operating room.
A total of 451 cardiac complications occurred in 365
cases (3.9%). The perioperative myocardial infarction rate
was 1.1% (n  104), unstable angina rate was 0.87% (n 
81), pulmonary edema rate was 2.1% (n  194), and
ventricular tachycardia rate was 0.77% (n  72).
Univariate associations between minor and major
surgical complications. Univariate associations between
minor surgical complications and death/stroke are summa-
rized in Table III. Patients with any minor surgical compli-
cation had approximately three times the rate of death or
stroke (10.7% vs 3.2%) and nearly a four-times higher risk of
stroke (9.7% vs 2.6%) or death (2.9% vs 0.9%, P .001 for
all). Those who had a CN palsy had three times the risk of
death/stroke or any stroke (P  .001), with a trend to-
wards higher rates of death as well (P  .08). Hematoma
was also associated with a three- to four-times greater risk of
combined death/stroke, any stroke, or death (P  .001).
Wound infection had a similar pattern, but because there
were very few of these outcomes, the trends were not
statistically significant (P  .05). In addition, each group
had a significantly longer LOS (all P  .001 except wound
infection, for whom P  .03).
The timing of the minor complications in relation to
when a stroke was recorded was as follows: 23 minor
complications occurred before the stroke, 38 were noted
on the same day as a stroke, and 29 were mentioned after
the day of the operation. Secondary analyses that ex-
cluded these 29 minor complications that occurred after
the index CEA produced similar results to those summa-
rized in Table II.
Univariate associations between cardiac and major
surgical complications. Univariate associations between
cardiac complications and death/stroke are also in Table
III. Patients with cardiac complication had approximately a
five times the rate of death or stroke (18.9% vs 3.4%) and
stroke alone (12.9% vs 2.9%) and approximately 12 times
the rate of death (9.9% vs 0.8%, P  .001 for all), and had
a significantly longer LOS (P  .001).
Multivariable associations between minor and ma-
jor surgical complications. Table IV shows that minor
Table II. Description of cranial nerve palsies in 9308
patients
Cranial Nerve No. CN palsies, %
Hypoglossal (XII) 170 33
Facial and/or branch (VII) 126 24
Glossopharyngeal (IX) 41 8
Branch of Vagus (X) 31 6
Trigeminal (V) 19 4
Branches of cervical plexus 10 2
1 nerve group involved 117 23
514 100complications remained strongly correlated with major ad-verse events even after controlling for other key prognostic
factors. Patients who had aminor surgical complication had
triple the odds of combined death or stroke (odds ratio
[OR], 3.39, 95% confidence interval [CI], 2.65 to 4.33) or
death alone (OR, 2.89; 95% CI, 1.84 to 4.54) and nearly
quadruple the odds of any stroke (OR, 3.83; 95% CI, 2.95
to 4.97). Hematoma approximately quadrupled the odds
of death and stroke (OR, 3.69 95%CI, 2.72 to 5.00), death
alone (OR, 4.30; 95% CI, 2.61 to 7.08), and stroke alone
(OR, 3.89; 95% CI, 2.82 to 5.38). Patients who required
operations for hematoma had higher odds of death/stroke
than patients with hematomas who were observed (adjust
odds ratios OR 5.5 [3.5-8.5] v. OR 2.6 [1.7-3.9], P
0.0001 for both).
A multivariate subanalysis for death/stroke of these
patients showed a relative risk of 5.5 (95% CI, 3.5 to 8.5;
P .0001) vs a relative risk of 2.6 (95% CI, 1.7 to 3.9; P
.0001) for those patients with a hematoma that was ob-
served. Cranial nerve palsy tripled the odds of combined
death/stroke (OR, 2.92; 95% CI, 2.13 to 4.00) and any
stroke (OR, 3.34; 95% CI, 2.41 to 4.63), although the
relationship with death was borderline (OR, 1.71; 95% CI,
0.88 to 3.34; P  .11).
Amongst the CN palsies, post hoc subgroup analyses
revealed increased odds of major complications for most
but not all of the individual CN palsies. For example,
death and stroke rates were higher in those with hypo-
glossal (XII) palsy (OR, 2.0; 95% CI, 1.2 to 3.3; P 
0.01), facial or branch (VII) palsy (OR, 4.0; 95% CI, 2.6
to 6.2; P  .0001), or both, and vagus nerve (X) palsy
(OR, 6.5; 95% CI, 2.3 to 18.8; P  .001), but not for
glossopharyngeal (IX) palsy (OR, 1.6; 95% CI, 0.6 to
4.3; P .30). No statistically significant relationship was
found between wound infection and major complica-
tions. On multivariate analysis controlling for death/
stroke, each individual complication was significantly
associated with an increase in LOS.
Multivariable associations between cardiac and ma-
jor surgical complications. Table IV also shows that car-
diac complications remained strongly correlated withmajor
adverse events, even after controlling for other key prog-
nostic factors. Patients who had a cardiac complication had
four to five times the odds of combined death or stroke
(OR, 5.42; 95% CI, 4.01 to 7.34) or stroke alone (OR,
4.14; 95% CI, 2.93 to 5.84) and approximately ten times
the odds of death (OR, 10.4; 95% CI, 6.68 to 16.2).
Finally, on multivariate analysis controlling for death/
stroke, cardiac complications were significantly associated
with an increase in LOS.
DISCUSSION
In this statewide study of all 9308 CEAs performed by
482 surgeons inMedicare beneficiaries in NY State, we found
that one in 10 patients had aminor surgical complication (CN
palsy, hematoma, or wound infection). Cranial nerve palsies
occurred in 5.5% of patients and hematomas in 5.0%. Al-
though minor surgical complications have traditionally been
considered outcomes of little or no consequence, we found
sourc
tricula
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creased LOS and a threefold to fourfold greater odds of
perioperative death or stroke, even after risk adjustment.
This study confirms and extends the literature on
minor complications after CEA in the following ways.
Prior studies of minor complications after CEA focused
on single types of complications, were based at single
institutions, had small sample sizes, or were based on the
highly selected samples enrolled in RCTs. To the best of
our knowledge, the incidence of CN palsy, hematoma,
and wound infection we report here represents the larg-
est, most generalizable estimate of these complications
in widespread community practice.14-19,21,25-27
Although incidence of CN palsies after CEA reported by
others have varied widely, from 2% to 27%.2,14-23 the rate of
5.5% we found in NYCAS is higher than that reported in a
large single-site study of 5425 byChiesa et al15 and somewhat
Table IV. Adjusted* odds ratios for minor surgical and ca
Death/stroke
OR 95% CI P OR
Any surgical† 3.39 2.65-4.33 .001 3.83
Cranial nerve palsy 2.92 2.13-4.00 .001 3.34
Hematoma 3.69 2.72-5.00 .001 3.89
Wound infection 2.48 0.56-10.94 .23 1.43
Cardiac complications‡ 5.42 4.01-7.34 .001 4.14
CI, Confidence inteval; LOS, length of stay; OR, odds ratio.
*The variables included in the adjustedmodel were male, white, age80, indic
admit from emergency department, admit source home, non-op stenosis50%
†Cranial nerve palsy or hematoma or wound infection.
‡Myocardial infarction, unstable angina, pulmonary edema, or ventricular t
§The variables included in the adjusted model for LOS were death/stroke,
attack, stroke, acute syndromes) admit from emergency department, admit
Cardiac Risk Index (comorbidity).
Table III. Prevalence of minor surgical and cardiac comp
patients
Complication
Prevalence
(%)
Death/stroke
rate (%) P
Any surgical*
Yes 10.0 10.73 .001
No 90.0 3.24
Cranial nerve palsy
Yes 5.5 10.31 .001
No 94.5 3.62
Hematoma
Yes 5.0 12.80 .001
No 95.0 3.53
Wound infection
Yes 0.2 9.09 0.22
No 99.8 3.97
Cardiac complications†
Yes 3.9 18.90 .001
No 96.1 3.38
LOS, Length of stay.
*Cranial nerve palsy or hematoma or wound infection: The numeric result
than one minor surgical complication.
†Includes myocardial infarction, unstable angina, pulmonary edema, or venlower than rates of 6.3% and 8.6% reported in the EuropeanCarotid Surgery Trial and North American Symptomatic Ca-
rotidEndarterectomyTrial (NASCET)RCTs.2,16 The higher
rate of CN palsies in these RCTs may be partly because all
CEAs were among symptomatic patients and our NYCAS
study were three-quarters asymptomatic. Alternatively, the
differences can also be attributed to the different protocols of
the studies. In the RCTs, there was routine prospective eval-
uation by neurologists, whereas the data in our study are from
a retrospective chart review based primarily on clinically sig-
nificant findings reported in everyday practice. The current
study reports on all CN palsies (both transient and perma-
nent), whereas others have focused exclusively on permanent
deficits.
The hematoma rate of 5.0% thatwe found is in themiddle
of the range reported by others (1.2% to 12%)2,15,24-27 and
slightly lower than the 7.1% incidence inNASCET.2Compar-
ison with other studies in the case of hematoma is more
complications in 9308 patients
Stroke Death
LOS P§95% CI P OR 95% CI P
95-4.97 .001 2.89 1.84-4.54 .001 .001
41-4.63 .001 1.71 0.88-3.34 .11 .001
82-5.38 .001 4.30 2.61-7.08 .001 .001
19-10.83 .73 4.39 0.56-34.29 .16 .04
93-5.84 .001 10.4 6.68-16.2 .001 .001
or carotid endarterectomy (transient ischemic attack, stroke, acute syndromes),
ulcer, severe disability, and Revised Cardiac Risk Index (comorbidity).
rhythmia.
white, age 80, indication for carotid endarterectomy (transient ischemic
e home, non-op stenosis 50%, deep ulcer, severe disability, and Revised
ons, association with death and stroke outcomes in 9308
oke rate
(%) P
Death rate
(%) P
Median
LOS P
9.66 .001 2.90 .001 3.0 .001
2.57 0.94
9.53 .001 1.95 .08 2.5 .001
2.91 1.09
1.06 .001 4.56 .001 3.0 .001
2.87 0.96
4.55 0.74 4.55 .13 2.0 0.03
3.27 1.13
2.88 .001 9.86 .001 6.0 .001
2.88 0.78
equal to the sum of the three components because some patients had more
r tachyarrhythmia.rdiac
2.
2.
2.
0.
2.
ation f
, deep
achyar
male,licati
Str
1
1
is notchallenging and should be made with caution because of the
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tions. For example, one series that classified a hematoma as a
radiographically evident reduction in airway cross section re-
ported an incidence as high as 26%,32 whereas another series
that reported only hematomas that led to wound revision
published a rate of 1.4%.15
Finally, the wound infection rate in this study of 0.2%
was low and consistent with other studies of CEA, as well as
clean head and neck cases in general,15,33-35 and the rate of
2.1% reported in NASCET.2
To our knowledge, this is the first study to demonstrate
a multivariable relationship between minor and major sur-
gical complications of CEA or any other major procedure.
There are several potential explanations for this association.
First, both types of outcomes could be correlated be-
cause the risk ofminor andmajor complications is related to
other underlying patient factors. For example, if a case were
technically challenging due to unusual carotid anatomy or a
high internal carotid artery lesion, there might be a greater
chance of a CN injury or bleeding, or both, on that basis,
and a similarly increased chance of death or stroke due to
the more difficult repair. From the NYCAS study nurses
review of the operative notes, we obtained information on
key surgical processes of care but were not able to know the
fine details regarding the difficulty of repair. Such informa-
tion may be incompletely documented in operative notes
and this was a level of detail that was not part of the chart
review protocol in the parent study. It is also possible that
this association reflects the impact of subtle differences in
patients’ underlying severity of carotid disease, comorbid
illness burden, or hemostasis/bleeding risk of the patient.
Our multivariable models adjusted for several markers of
carotid disease, comorbidity, and death/stroke risk after
CEA, so we think this is a less likely explanation.
Second, both minor and major complications might be
related to the overall skill and quality of the surgical repair
or perioperative management, or both. Extremely skilled
and proficient surgeons and surgical teams would be ex-
pected to possess superior technical and cognitive skills and
resources that might decrease the chance of CN injuries,
bleeding, and infection as well as translate into lower rates
of death or stroke. As such, the rate of minor complications
might be seen as a surrogate marker of overall quality of
surgical care at either the surgeon or hospital level. Con-
versely, a less-experienced surgeon might have higher rates
of inadvertent CN injuries and perform a less skillful arterial
reconstruction, which might be manifested in higher rates
of postoperative stroke. That we found a significant associ-
ation between CN palsy and stroke (and combined death/
stroke) but not with death alone may provide additional
support for this hypothesis. Although post-CEA stroke is
most commonly due to thromboembolic phenomena
stemming from the endarterectomy site, many post-CEA
deaths are due to cardiac events. Strokes are thus more
likely than deaths to be related to the same process of care
factors that affect minor surgical complications (like CN
palsies), explaining their stronger association.Third, there might be occasions where there is a direct
causal link; that is, the minor complication causes stroke or
death. In rare cases, a very large hematoma could cause
airway compromise and hypoxia, increasing the risk of both
death and stroke. Alternatively, in the presence of a serious
postoperative wound hematoma, perioperative aspirin or
other antiplatelet/anticoagulation therapy might be with-
held, which might then increase the risk of perioperative
stroke. It is most likely that a combination of these different
pathways could contribute to the overall relationship be-
tween minor and major complications. Better understand-
ing of these relationships will require further investigation.
Fourth, it is conceivable that a major complication such
as stroke could make the documentation of a minor com-
plication more likely. Amongst other factors, the occur-
rence of a major complication is more likely to be associated
with additional physicians being involved in the care of the
patient, thereby increasing the chance of more detailed
assessment and documentation.
Our study has several strengths, but it is worth commenting
on a few limitations. First, this was a retrospective observational
cohort study that depended on documentation of complications
of CN palsies, hematomas, wound infections, and strokes in the
medical charts. Because we evaluated outcomes of CEA in real-
world practice, no standardized approach was used to assess or
document subtlechanges inneurologic functionafter surgery the
waytherewouldhavebeen inaclinical trial. It ispossible thesome
mild CN deficits or small hematomas were not documented in
the inpatient notes and thatweunderestimated thewound infec-
tion rate because we did not have access to data from outpatient
visits. Thus, the rates ofminor complications that we report here
represent events that were serious enough to merit documenta-
tion in real-world practice. Because the degree of postoperative
assessment anddocumentation varies in community practice, the
rates ofminor complications reported heremay be biased on the
lower side.
Second, because we only reviewed inpatient medical
records (and the median LOS was 2 days), we do not have
any data on the extent to which the CN deficits persisted
over time or resolved, as many commonly do.
Third, our results may not be generalizable to other
states or patient populations. However, NY State accounts
for 14% of the Medicare population,36 8% of all CEAs
performed nationwide,36,37 and three-quarters of CEAs are
performed on Medicare beneficiaries.38
CONCLUSION
We found that minor surgical complications are com-
mon after CEA and are associated with a much higher risk
of death and stroke. Future work is needed to better
understand the reason for these associations, as well as to
identify potential interventions to reduce their occurrence.
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Dr Chris Kwolek (Boston, Mass). I would like to congratu-
late Dr Greenstein and his coauthors on a very nice presentation
and thank them for providing me with a copy of their manuscript
well in advance of this meeting. The authors described the results
of a contemporary series, although retrospective, of carotid endar-
terectomy and a large cohort of patients performed by 482 sur-
geons in over 167 hospitals within the state of New York with a
very reasonable death and stroke rate for symptomatic and asymp-
tomatic patients. In this era of increased concern about the role of
carotid endarterectomy versus carotid angioplasty and stenting,
and the management of the patients with carotid stenosis, I think
this paper will be increasingly important. However, I am a little bit
intrigued by the methodology and I will get to my question in a
moment.
We have reported a 10% incidence of minor complications,
including an incidence of 5.5% of cranial nerve injuries, 5% incidence
of hematoma, one-third ofwhich required surgical re-exploration. So,
approximately 1.5% to 2% required a surgical re-exploration, and the
author very interestingly notes that the existence of one of these
complications also greatly increases the risk of concomitant stroke and
potentially death, at least for the cranial nerve injuries both stroke
alone and for hematoma, stroke, and death in a threefold to fourfold
manner. You alluded to it in your presentation, but one wonders,
what is the etiology of this relationship? It is that these are complex
patients? I think very appropriately, patients who have combined
carotid CABGs or redo procedures were factored out of the evalua-
tion initially, but it begs the question. Is this merely a marker perhaps
for operator experience?
So my first question is, do you have any data about the results
of individual surgeons since you allude to it in your final slide and
how did that play out with respect to results? And then the second
question, we also know there has been some interest on a national
level both by the American College of Surgeons and the NSQIP
[National Surgical Quality Improvement Program] as to hospital
dependent rates as well as surgeon independent rates. I would like
you to comment on the higher incidence of significant complica-
tions in a very contemporary series albeit it across the large state-
wide registry. When we compare your results to such retrospective
reviews that Bruce Perler has presented from the state of Maryland
and the large retrospective reviews from similar databases in the
state of California with over 40,000 patients, was it just that New
York has more problems, or is it the methodology where much like
the NSQIP, these are independent nurse reviewers going back and
looking specifically at charts?
My final question, I think this lends itself to future investiga-
tion and, not being familiar with the New York statewide project,
do the investigators or the Agency for Healthcare Research and
Quality (AHRQ) have plans to perform future studies perhaps
looking at carotid angioplasty and stenting and comparing that to
the results of carotid endarterectomy in a contemporary series
within the state of New York? I thank the society for the privilege
of the floor.
Dr Alexander J. Greenstein (New York, NY). There are
several possible explanations for the relationship that we detected
betweenmajor andminor complications. First, higher rates of both
types of complications might be more common in sicker patients.
We think our CEA-specific risk adjustment model should have
accounted for most of this variation. Second, the presence of
anatomic variants or other technically difficult aspects of a case
might lead to an increase of both complications. These data are not
readily reported in the charts or easily extracted, so we were not
able to discount this as a possibility. Third, a minor complication
(eg, a large hematoma) could itself lead to death or stroke. This
wouldn’t explain the sequence for the vast majority of major
complications. Fourth, the risk of minor and major complications
might reflect the technical quality and experience of the surgeon,
operative team, and/or hospital. We think this is the most likelyexplanation, though this is difficult to prove with observational
data.
We did observe significant variations in the rates of minor and
major complications at both the individual surgeon and hospital
level. In analyses done with the surgeon (or hospital) as the unit of
analyses (not the patient as was done in this paper), surgeons (and
hospitals) with higher rates of minor complications also had higher
rates of major complications. These provider-level comparisons are
tricky because those with very low volume will have unstable point
estimates of adverse events based on chance alone. Excluding
low-volume providers solves this problem, but then limits the
generalizability of the results.
Dr Kwolek is correct that the methodology we used to
ascertain adverse events was direct clinical chart review, much
like the NSQIP. We had trained, independent research nurses
carefully review the full inpatient medical chart, including ad-
mission, discharge, daily progress, and operative notes, and
diagnostic imaging reports, and recorded information on minor
and major complications. We also did chart review on any
subsequent hospitalizations in the 30 days after surgery to
detect late strokes or deaths. Studies that rely solely on admin-
istrative billing data or just the initial hospitalization tend to
report lower rates of adverse outcomes.
Finally, the NYCAS Study reflects practice in 1998 and 1999,
so we have no data on outcomes of carotid angioplasty and
stenting.
Dr Vik Kashyap (Cleveland, Ohio). Can you explain the
methodology again to me? There were 9500 charts. How much
of the information was precoded or collected prospectively at
the time of the operations versus how many variables did you
have to go through and cull through these close to 10,000
charts to get?
DrGreenstein. As we indicate in the article, all the data in the
NYCAS Study were based on information documented in the
hospital chart as part of usual care. Our trained research nurses
retrospectively abstracted all clinical data from these hospital charts
several years after the actual care occurred. There was no prospec-
tive coding of the data for this study as might be done in a
randomized clinical trial.
Dr Kashyap. And then, in terms of the very specifics that you
have on cranial nerve policies, these were confirmed by physicians
or neurologists or were these all abstracted from the texts of the
data that was built?
Dr. Greenstein. It was a combination of the research nurse
looking at the medical chart and seeing a specific diagnosis of
cranial nerve palsy or documentation of signs or symptoms sugges-
tive of a nerve injury. If there is any question, the nurse abstractors
discussed the details with the investigative team. Cases in which a
stroke, TIA, or death was recorded by the nurses were reviewed by
two physician reviewers (including a neurologist).
Dr Kwolek. I apologize, there was one more important point
that did not come out of the presentation, but is in the manuscript,
which will be important as we start comparing this, because this
paper will be cited by the carotid angioplasty stenting advocates,
since there is a higher incidence of cranial nerve injury. One of the
subsets that needs to be broken out is temporary numbness around
the ear or earlobe or facial numbness. After an endarterectomy, I
would argue that larger number of our patients have that deficit
and whether that is coded as significant or not, needs to be
clarified.
Dr Greenstein. I have to look in to that. Thank you.
Unidentified speaker. I think my question is along the same
lines. There is a lot of difference between having a deviation of
tongue versus hoarseness of voice versus not being able to
breathe versus losing a high pitch in your voice. So, it seems to
me to be not as meaningful to have a big bucket of patients
having cranial nerve deficiency, because it really is not going to
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significance. Did you segregate and then pool it together or did
you just add it as a collective cranial nerve deficiency? Because
there are studies that say that as high as 16% incidence of
hypoglossal nerve palsy, but we do not take that as seriously as
hoarseness of voice or inability to swallow and losing the
glossopharyngeal function.
Dr Greenstein. Again, this is one of the limitations of a retro-
spective study of this nature. We have large numbers, but we do not
have the richness of clinical detail about the severity or persistence ofDr George Levinson (Bethesda, Md). Was there any cor-
relation between the use of clopidogrel preoperatively and the
incidence of early postoperative stroke due to thrombosis and
bleeding? In other words, with Plavix [Sanofi-Aventis, Bridge-
water, NJ], was there more bleeding and fewer strokes, and if
one did not have Plavix immediately preoperatively, were there
more strokes and fewer bleeding?
Dr Greenstein. The NYCAS database has data on the use of
antiplatelet agents and anticoagulants, but their potential impact
on risk of thrombotic or bleeding complications has not yet beencranial nerve injuries that could answer this question. analyzed.
